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M «>* THE ISOLAUON OE HH^BOXVBUTYBATE ™OM 
1,0$ MYCWDES BLJ B-01? 

^ BU Mil. More *. hp— rentes to « 

process for V recovery of a polyUydro^ybutjrrate of the formula 1. 

CIIj 



Field 




formula 1 

cm boa source. 

Background of the invention \ 

Co— powers . JUwr product fe. 
*a~, -ynrhedo Ho-eA rcoen, ^ in ^gy ^ J-"- *" 

ILc HHA » *o p— soUo, of PHA. «. to M NOVEL 
Series E- Applied Sciences -Voi. ,^«ta^— f^O^*--^ 
prodL in «^ SC^C,, V* 2*, pp. »M» (.«») -» > 

dtaemiimne the practical feasibility of such technology. \ 

Z U I energy r^al produced b, .W of in response » 

^ to propen*. « Poiyp^pylone. »— *V - » 

in order*. r«luc. to e^ro-eot* imp** rfl— S*W M *. h. «M 
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As ^ *«. -* <* - * « - *r»v^; 

t- ^nhus HI 6 Poly-beta-Hydroxybui\iate Biosynthetic Fairway . 
Journal of Bacteriology, Vol 170, No. 10, Oct., 1988, p. 4431 4« ' 

«■ " Terence, it was shown that * - could be g^caUy «*-d 

with gen* *om^^^^^^ 

h eJvehicle te prodndng PHB than X *- .ore is tnowu *- * 

£ co//, U. Ec* is more easily strolled and manipulated. The transformed* 
is able to express PHB in relatively large quanliues. 

Despite PHH's advantages uv other materials, its high cost of producdan h-s 
mndered ^performance in the nnuket Currently, PHB is produced in transformed* cok by 

growings «,«onluriab^^ 

Approximately one third of the production cost of PHB is attributable to the nch 13 
medium and the If a less expensive carbon source could be utUUed, the overah cost 

of PHB production could be *»fl«* reduced. In addition, much of the total cost of PHB 
production is actable to purifying the PHB produced in the K coli. <*^"»» 
purified by centrifugation, followed by mechanical lysis of the cells to please KB, > 
temperature procedure to agglomerate the PUB, and finally a spray drying step to procure to 
agglomerate the PHB. and finally a 5I »ay drying step to procure the purified granules If a 
to. expensive method wee available for collecting the PHB from . new organism M 
efficiency together with the application of a cheap carhon source, the ove.all cost of PHB 
production could be significantly reduced. 

In view of the above, there is a need for a simple and economical process for the 
production of Aplastics from anew biological source suing cheap raw material. Such a 
process would preferably be easily, adaptable as an integral part of the agncultural 
commercial production of bioplastics. 
Objects of the invention 

It is therefore an object of the present invention to provide a process for producing 

bioplastics from a biological source material. 

It Is .testae m objec. tf Ac pr.»«t iaventio * pwMe improved x*m*~e* 

prodocbg pulyUyd™*, b«P*> ft. 1 » — *** "^'^ 

RU B-017, and sucrose and molasses as cheap carbon source. 
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. It is ^ of** invent to pro.de a **. ^ ^ *U *£7 
w *ch - — PHB * «M levels than previous methods and which can utd,e 
n^almediumconuaningsucrosefor^gco^ons 

It is auulher object of this invention to provide a strain ^ 
Itxsanouieroojv ,„ methods and which ran utilize 

which can accumulate PHB at higher levels than pievious methods ana 

minimal medium containing mo Ws for growing conditions. 

,t i* yet another object of the invention to provide a eoonnnucal and efficient process 

^neisolauouofbiop^^^ of ^eratiog PHB 

It is vet another object of this invention to provide a tucUiod ot agg 

.. 4^ mi n.m7 cells using an solution snduim 

granules &om lysed Bncillus mycoides RLJ B-017 ecus using 
granuiw j> . och]orite in chloroform or any 

hypochlorite, calcium hypochlorite oi any metal hypoehlonte 

rtoJyhalogenated hydiucarbon solvent. 

Summary of the invention i-olarion of 

Accordingly the present invention provides a P^css for the ^latton 

polyhydroxybutyrate of the formula 1 

CH 3 O 




* n 



formula 1 

„i d cotnprtaO* ^ • <* «" B -° 17 * * ^ 

««■ ^ — — - "T * t! 

period of equal to or jyeater than Mr four hour* sad Ml h~ P~ 
Luu1„ poly-b^ydnxc.ontyrrte of tto 1. h*. d o^ «-« - - «*» 

to ntaue »id poiy-het^xybuty.*. of*. an**** «, -* tt. ™Uue of — 

poly-beta-hydroxyburyrete of Uie structure 1. 

I„ one embodiment of the invention, the growth medium comprises (g 1- > 

,« • - wh 8 KHJ?0* I 5 (NH*SO,, 2.0; NarfffO^ 12IlaO, 2.239; MgSO^TIfcO, 
20, uuinent broth, 8, lU^u*, i.?, vp™* * 

0.2. D4JW 0.08; MV W 0.0!; »d «phM -»*- » -« 1 -* «• 

etorncnt .oKaion fe ft UMBA O* *Ws °* »«* «* «* 

0 4; CuSCWH,0. 0.02. NaMoO,.2IbO, 0.06. with pH 7.2. 

1, ^ on.boalm.nt of the invention, tta wow* n-uiun. oomprno- . to 1- ) 
20; nroth. «; WO. 1.5; 2.0; MKUM 
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ork «tt n n ol* and trace-elemem solution 1 ml 1 

said trace element solution conrousing (g 1 ): ZnM*«wu. 

.1 «««« « .00, 

b a fcrfkor «»bodh»». of a. im^tion. tt» of tab 1 • 

** . M. co-prt*,, . ta*. of. m«l - * »*»— 

M dioi«hwo(*loAeaiid<^(^.hS^''kirite. 

fo , farther emhndtae* of tte mvcrtion, O. tolog^ by<ko<»rt»n KM. 

comprises chloroform. . . 

fo y« another embodiment of the invention, the concentration of md iomc reagent 

used is in Ihe range ofono molar to one nuUimolar 

to mother embodiment of the invention, the polyuydroxybutyratc of formula 1 * 
separated from the organism culture by centrifugation to obtain three separate phases, 
where in the lower phase coining oolyhydrosybutyrate of the struck 1 is M - 
chloroform and precipitated by adding ethanol. 

lu a mrthcr embodiment of the invention, the precipitate is chilled and recovered by 
further oemrifuging to obtain pnlyhydroxybutyrate of the structure 1. 
Brief description of the accompanying drawings 

Higure 1 is a line graph shoeing PHB accumulation versus rime m hour*, 
consumption of sucrose versus time in hours; ceil growth versus time in hours; «U Protein 
concenUaUon versus time in hours during accumulation of VVB^BuciUus ,»ycouies*U»- 

017 ' Figure 2 is a comparison of the. U *MBL spectra of PHB product hy Bacillus 
nyceirtes KLJ B-017 With dial of obtained from Sigma Chemicals USA. 
lletaUed description wf the invention. , 

According to the invention, a stein Harttus mycol** RU B-017 M used wh,ch can 
accumu late PHB at higher levels that previous methods and which can „tfK» minim* 
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m edium containing cheap material like sucrose, molasses, etc. for growing conditions. The 
eaibohydrate utilization system present in Bacillus mycoides KU B-017 allows sucrose 
classes, pineapple w^c, etc. to be used a* a cheap carbon source for the production of 
PHB Mouses is a waste product from sugar processing and is very inexpensive. Similarly 
pineapple waste from fruit industry is also a waste product from fruit processing industries 
and is very inexpensive. Experiments show that the strain of Bacillus mycoides RLJ B-017 
grows in minimal medium containing molasses and has an average yield of PHD of 
approximately 85% (PHB dry weight/total cell dry weight). 

Experiments also show that PHB produced in uansformcd R col, can be 
agglomerated with sodium hypochlorite or calcium monohypochlortte hydroxide solutions. 
To retrieve purified PHB of the structure 1 in largo quantitieg, the transformed Bacillus 
mycoides RLJ B-017 cells are first lysed by mechanical or physical means, such as by 
sonication, oi generic means. The cells are then incubated in an ionic solution, suob as 10 
millimolar (mM) sodium hypochlorite), which agglomerates the PHB granules. Finally, the 
agglomerates are oenrnfiiged from the culture at low speed. Experiments show that nearly all 
(100%) nf the PHB of the sliuclure 1 in culture is agglomerated and recovered by this 
process. The results are especially significant since the same type of agglomeration is not 
possible for retrieving PHB of the structure 1 from A. eutrophus. 

From Figure 1 of the drawings, it is Shown thai Bacillus mycoides RLJ B-017 
accumulates a greater percentage of PHB in a short period of 24 hours. The strain Bacillus 
mycoides RLJ B-017 is available from the Bioohemeistry Division, Regional Research 
Labqraioiy. Jorhat-6, Assam, India. 

Experiments were performed which showed that the Bacillus mycoides RLJ B-017 
strain which could be grown on minimal medium containing sucrose or molasses. Activated 
sludge sample, from wastewater-^reaxmem plant was appropriately diluted and then spread on 
YPM-agar plates containing (g V 1 ); yeast extract, 10; bactopeptone, 10; meat extract, 5; 
NaCL 5; and awn. 20. The plates were incubated at 30*C for 72 h. Several colonics appearing 
on the plates were screened for their PHB production. Isolate RLJ B-017, thus selected was 
used in this study. 

Morphological and taxononric features of the selected isolate was examined by the 
established method (Sheath et al, 1986). The results are as shown Table 1 in Example 1. 
* Organism Bacillus mycoides RLJ B.-0L7 waimaintained and grown at 30 ± 0.5°C and 

! luaintained at 4 U C by periodical transfer on YPM-agar slams. The inoculum was grown on 

^ nutrient rich medium occupying 20% of the flask volume. The nutrient rich medium consists 
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of (g V): sucrose, 20; nn^e* tooth. 8, KHaPQ.-^CNH^O- ™- N^l» 
2 239; MgSO, 7 Hj O. 0.2; CaCl^rfeO, 0.02; FcSO^O, 0.01; and trace-element solatia 1 
m , 1 1 Trac*-element solution contained (g l"): ZnSlUTHbO, 0.2; H3BO3, 0.6, MnCU 41^, 
0 06- CoCls 6H20, 0.4; CuS0 4 4HA 0.02; NaJvlnCZrfcO, 0.06. The pll was set at 7.2 

' The composition of basal culture media used was same as that of the inoculum media 
except nutrient broth was not added. Overnight grown inoculum was transferred directly m a 
3L bionactor containing the basal culture media of E H 7.2 with 2% sucrose as carbon source. 
Ibe temperature of the bioreactor was set between 30-^*C and its rpm was at 200. The cells 
were harvested by centrifogation after 24 hours corresponding to the exponential growth, and 

■washed twice with distilled water. 

10 25% (v/v) Sodium hypochlorite solution or B H 11 was prepared for processing. 
The cell pellet, after cemrifligation was treated with dispersions of sodium hypochlorite and 
chloroform (l.l v/v). The ueaunent time was set between 2-3 hours at 30-35 rt C. The 
suspension was then «*trifuged at 10000 rpm for 15 minutes at H0°C. Three sepamie phases 
were obtained. The lowei phase containing PHB diRsolved in chloroW was precipitated by 
adding cthanol The precipitate was kept.at. CoM. (4 n CX On 1 nr. and was recovered by 
centrifogin&at 10UUU rpm for 15 min. at 4°C. The pellet obtained was pressed to remove 
ethaool and dried at 60° C for 24 hrs. 

Utilizing sucrose and molasses as the carbon source for the production of PHB, where 
the sucrose and molasses are present in minimal medium, will result in considerable cost 
savings over the prior art practice of usingricn medium wilh glucose for producing PHB. The 
method will be cheaper to the processes of production of PHB using the prior art of 
transformed E. colt, Alcaligenes eutropbus, or genetically manipulated plant cells because of 
their high cosi involved in their production or commercial source. 

The invention has been described in terms of its preferred embodiments whore a strain 
of Bacillus mycoides RLJ H-<11 7 has been isolated from waste water treatment plants which 
can accumulate larger quantities of PHB wliile using an inexpensive carbon course such as 
sucrose and molasses fui PHB production. However, those skilled in the an will recognue 
that the invention can be practiced with modification within the spirit and scope of the 
appended claims. 

The following WD-Iimiting examples illustrate the methods of the present invention. 
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EXAMPLE I 

Isolation 

Activated sludge sample, from wastewater-treatmem plant was appropriately diluted 
and then spread on YPM-agar plates containing (g \ \ yeast extract, 10, bactopeptnne. 10; 
meat extract, 5; NaCl, S; and agar. 20. The plates were incubated at 30°C for 72h. Seveial 
colonies appearing on the plate* were screened for their PHB production. Isolate WJ B-017, 
thus selected was used in this study. 
Identification of the isolated strain 

Morphological and taxonomic features of the selected isolate was examined by the 
established method (Sheath eUL. 1986). The results arc summarized in Tablel 
Organism and Maintenance 

Bacillus mycoides RLI.I1-QL7. was grown at 3Q ± 0.5° C and maintained at 4«C by 

periodical transfer u« YPM-agar slants. 
Inoculum Preparation 

The inoculum whs grown on nutrient rich medium occupying 20% of the flask 
volume. The nutrient rich medium consists of (g.l' 1 ): sucrose, 20; nutrient broth, 8; KtfcPOa, 
j 5; (NH^SO*, 2.0; Na 2 HP0-,.12H I O, 2.239; M S SO<7IW>, 0.2; CaCh.2H a O, 0.02; 
FeSOrfHtO. 0.01; and tracc-clcment solution. 1 ml L 1 .. The trace element solution contained 
(g r»): ZtiSCVTHbO, 0.2; HjBOs, 0.6; MnCh 4rfaO. 0.06; CuCIa oTO, 0.4; CuS0 4 4aO, 
0.02;KaMoO^ 2tfcO, O.Oh The ph was set al 7.2. 

Cultivation conditions 

The composition of basal culture media used was same as that of the inoculum media 
except nuuieut broth was not added. Overnight grown inoculum was transferred directly in a 
3L biorcactor containing the basal culture media of pH 7.2 wiUi 2% sucrose as carbon source. 
The temperature of the binreactor was set between 30-35° C and its rpm was at 200. The cells 
were harvested by cenirifUgatiou after 24 hours corresponding to the end of exponential 
growth and washed twice with distilled water. 
Chemicals 

Nutrient both and all the other chemicals, used wait obtained from Difco Laboratories 
and Sigma Chemicals Co, and were of high puiily analytical grade. Nutrient broth and all the 
other cherair.*ls obtained from uUicr commercial sources, can also be used 
Processing of Blopolyiuei- 

10-25% (v/v) Sodium hypochlorite solution of pH 11 was pwparcd for processing. 
The cell pellet after centrirugation was treated with dispersions of sodium hypochlorite and 
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chlorofonn (1:1 The treatment time was set between 2-1 hrs, at 30-35°C The 
^pension was then centnfuged at 10000 rpm for 15 minute, at 30*< : Huee separate phases 
were obtained. The lower phase containing PHB dissolved in chloroform wa sprecipriatcd by 
adding ethanol The precipitate W kept at cold (4°C) for I hour ami was recovered by 
eentrifuging at 10000 rpin for 15 mia at <1°C. The pellet obtained was pressed to remove 
ethanol and dried at 60°C for 24 hrs. Weight of biopolynw obtained is 2.4 g per litre of 
culture Molecular weight by viseosily method is..5,u5,Q0Q dafcon, NMR data: 'H NMR 
(CDCb): 8 5.25q (J=6 lis), 2.60 dd 0-7.5 & .5.6 Hz), 2.45 dd (3-6 & 15.6 Hz), 1-2X d 
(J-6.33 Hs), a C NMR (CDC1,). S 18.77 (CH3), 39.86 (CH2), 66.65 (CH-O ), 168.12 (O 
C=0). DEPT 135 (CDC1,); 5 18.77 (+), 39 86 (-). 66.65 (+). Elemental analysis: C 55.38%, 
H 7.34% and N 0.20V. (PHB from Sigma Chemicals, USA), Mol weight 5,35,000 Dalton and 
elemental analysis CSS 64%, H 7.25% and N 0.59%). 

EXAMPLE 2 

Isolation 

Activated sludge sample, from wastewater treatment plant was appropriately diluted 
and then spread on YPM-agar plates containinR (g. v\ yeast extract, 10; bactopeptone, 10; 
meat extract, 5; NaCl, 5; and agar. 20. The plates were incubated at 30°C for 72h. Several 
colonies appeared on the plates and were sweencd for their PHB production. Isolate RU B- 
017, thus selected was used in this study. 
Identification, of the isolated strain 

Morphological and taxonomic features of the selected isolate was examined by the 
established method (Sheath et. Al, 1986). TJtie results are as shown Table 1 in Example I. 
Organism and Maintenance 

JBaalha mycofdex RU B-017, was grown at 30 + O.S«c: and roaintained at 4°C 

periodical transfer on YPM-agar slants, 
loncnlum Preparation 

The inoculum was grown on nutrient rich medium occupying 20% of the flask 
volume. The nutrient rich medium consists offe T l ): sucrose, 20; nutrient broth. X;lOfcP04, 
1.5; (NH,)aSO<, 2.0; NajHPO^HaO, 2.239; MgS0<.7H 2 O, 0*, CaCb.2H 2 0. 0.02; 
FeSO«7H a O, 0.01; and traue-element solution. 1 ml C». The trace element solution contained 
(g l 1 ): ZnSCfcTHjO, 0.2, H^BOj, 0.6; MnCU 4H 3 0, 0.06; CoCl, 6H*0, 0.4; CuSO^O, 
0.02, NaMoO4.2Ha0, 0.06. The pH was set at 7.2. 
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Cultivation conditions 

The composition of basal culture media used was same as thai of the inoculum media 
except nutrient brotb was not added. Overnight grown inoculum was transferred directly in a 
3L biuieactor coBtaining the basal cumire media of pH 7.2 with 2% molasses as carbon 
source. The temperature of the hioreactor was set between 30-35°C and its rpm was at 200. 
The cells were harvested by oentrifogalion after 24 hours corresponding to the end or 
exponential growth, and washed twice with distilled water. 
Chemicals 

Nutrient broth and all the other chemicals used wae obtained from Difco 
Laboratories and Sigma Chemicals Co. and are or high purity analytical grade. However. 
Nutrient broth and all chemicals obtained fruin other commercial sources can also be used. 

Processing or biopolymer 

10-25% (v/v) Sodium hypochlorite solution of pH! 1 1 was prepaied for processing. 
The cell pellet after cemrifogation was treated with dispersions of sodium hypochlorite and 
chloroform (1:1 v/v). The treatment time was set between 2-3 hours at 30-35°C. The 
suspension was then centrifuged at 10000 rpm for 15 minutes at 30°C Three separate phases 
were obtained. The lower phase containing. PHB dissolved in chloroform was precipitated by 
adding ethanol. The precipitate was kepi at cold (4°C) for 1 hr. and was recovered by 
wntrifoging at 10000 rpm for 15 miu. at 4°C. The pellet obtained was pressed to remove 
ethanol and dried at 60°C for 24 his. Molecular weight by viscosity method is 5,60.000 
dalton, NIvTR data same as »ven in Example 1 and that of PHB obtained from M/s. Sigma 
Chemicals in Figure 2, Elemental analysis: C 55.19%, H 7.29% and N 0.19% (HID from 
S W na Chemicals, USA: Mol weight 5,35,000 Dalton and elemental analysis: C 55.64% H 
72.5% and N 0.59%). 

EXAMPLE -3 

Isolation 

Activated sludge sample, from wastewater-treatment plant was appropriately diluted 
and then spread on YPM-agar plates containing (g 1-1): yeast extract, 10; bactopeptone, 10; 
meat extract, 5; and agar, 20. The plates were Incubated at 30°C for 72b. Several colonies 
appeared on the plates were screened for then PHB production. Isolate RLJ B-017, thus 
selected was used in this study. 
Identification of the isolated strain 

Muiphological and taxonomic features of the selected isolate was examined by the 
established method (Sheath et. Al, 19Kh). The results are as shown Tabic 1 in example 1. 
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Organism and Maintenance 

Bacillus mycmdes RU B-017, was grown at 30 + 0.5»C and maintained at 4°C by 

periodical transfer on YPM-agar slants. 

Inoenlum Freparalivn 

The inoculum was grown on nutrient rich medium occupying 20% of the flask 
volume. The nutrient rich medium consists of (g I 4 ): sucrose, 20; nutrient, hroth, 8; KffaPO*, 
1.5; (NH^SO-,, 2.0; NajHPO.. 12H,0, 2.239; MgSO^THaO. 0 2; CaCl^O, 0.02; 
FeSCUTHaO, 0.01; and Lracc-ekmcoLaaUituml ml L*. The trace element solution oontajned 
I" 1 ): ZnS0 4 7H30, 0.2; H^O„ 0.6; Mod, 4H a O, 0.06; CoClj 6H 3 0, 0.4; CuS0 4 4H»0, 
0.02; NaMo0 4 .2HjO, 0.06. The ph was set at 7.2. 
Cultivation conditions 

The composition of basal culture ivation conations media used was same as that of 
the inoculum media except nutrient broth was not added Overnight *rown inoculum was 
transferred directly in a 3L bioreactor containing the basal cuhuic media of pH 7.2 with 2% 
sucrosc aa carbon source. The temperature of the bioieactor was set between 30-35°C andits 
rpm was at 200. The cells were harvested by centiifugation after 24 hrs. corresponding to the 
end of exponential growth, and washed twice with distilled water. 
Chemicals 

Nutrient broth and all the other chemicals used were oblaiued from Difoo 
Laboratories and Sigma Chemicals Co, and are of high purity analytical grade. However, 
Nutrient broth and all thft other chemicals obtained from other commercial sources can also 
be used. 

Processing. of Bio-polymer 

10-25% (v/v) Sodium hypochlorite solution of dH 11 was prepared for processing. 
The cell pellet after cenuifugation waa treated with dispeisiuns of sodium hypochlorite and 
chloroform (1:1 v/v). The treatment time was set between 2-3 hours at 30-3VC. The 
suspension was then centrifuge* at 10000 rpm for 15 minutes at 30°C. Three separate pha.es 
were obtained. The lower phase containing PHB dissolved in chloroform was precipitated by 
adding ethanoi. The precipitate was kept at cold (1°C) for 1 hr. and was recovered by 
centrifuging at 10000 rpm for 15 nunutes at 4°C. The pellet obtained was pressed to remove 
ethanoi and dried at o0°C for 24 liis. Molecular weight by viscosity method was sinulm to 
mentioned shove. "NMR data were, similar to shewn, b- Example 1 and comparison or 'H 
NMR speuu* with that of PHB obtained from M/s Sigma Chemicals ui Figure 2, Elemental 
analysis: similar to mentioned above Kvamnjes 1 and 2. 
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Table 1: Morphological and tawmomical P ro B ertie« of BadUus mycoid^JB^ 



Characterization 



Morphology. 



Call shape 



Cell size Ciwx) 



Motility, 



Snore position 



Spmo s hape 



Sample bacteria 



Rod 



(1.0 - 1.2|iia.z.3A» 



Central 



Parasp oral crystal 



Ellipsoidal 



Oram Staining 



Endospore 



Cultural 
Characteristics 



Colony shape 



Optimum 
temperature. 



Optimum pH 



Growth uu nutrient 
agar 



Rhizuid 



30°C 



7.0 



Growth on 
MacConkey agar 



Growth at nutrient 
broth , 



pH 5.0-70 



pHK.O 



Growth ax NaCl 



2,5-7.0% 



8.5% 



Growth at 



5 - 20°C and5 0 n C 



25 -40°C 



Characterization 



Biochemical propertie s 



Citrate utilization 
I jrea&e. productiun 



jvtethyl reef: 



Voges proskau er 



Nitrate loduction 



Caseu* try drot yzate- 



Acid production from 
Glucose. Maltose, Trehalose 



Sample 
Bacteria 



nalftrttnaflj Sucrose. Fructose 



Nfamutd b ArylTingse, Xylose 



Utilization of 



Bhnmnose, Inositol Ribo se 



f talactose, ffisridiue, Sucrose 



Mannitul, Xylose, Alanine 



Arabiflose, Rafivno&e 



Sallcih, Serine. Methionine, 



Glycerol,. Proline 



Phenylalanine 
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